Isolation and characterization of the acetyl-CoA synthetase from Penicillium chrysogenum. Involvement of this enzyme in the biosynthesis of penicillins.
Acetyl-CoA synthetase (ACS) of Penicillium chrysogenum was purified to homogeneity (745-fold) from fungal cultures grown in a chemically defined medium containing acetate as the main carbon source. The enzyme showed maximal rate of catalysis when incubated in 50 mM HCl-Tris buffer, pH 8.0, at 37 degrees C. Under these conditions, ACS showed hyperbolic behavior against acetate, CoA, and ATP; the Km values calculated for these substrates were 6.8, 0.18, and 17 mM, respectively. ACS recognized as substrates not only acetate but also several fatty acids ranging between C2 and C8 and some aromatic molecules (phenylacetic, 2-thiopheneacetic, and 3-thiopheneacetic acids). ATP can be replaced by ADP although, in this case, a lower activity was observed (37%). ACS in inhibited by some thiol reagents (5,5'-dithiobis(nitrobenzoic acid), N-ethylmaleimide, p-chloromercuribenzoate) and divalent cations (Zn2+, Cu2+, and Hg2+), whereas it was stimulated when the reaction mixtures contained 1 mM dithiothreitol, reduced glutathione, or 2-mercaptoethanol. The calculated molecular mass of ACS was 139 +/- 1 kDa, and the native enzyme is composed of two apparent identical subunits (70 kDa) in an alpha 2 oligomeric structure. ACS activity was regulated "in vivo" by carbon catabolite inactivation when glucose was taken up by cells in which the enzyme had been previously induced. This enzyme can be coupled "in vitro" to acyl-CoA:6-aminopenicillanic acid acyltransferase from P. chrysogenum, thus allowing the reconstitution of the functional enzymatic system which catalyzes the two latter reactions responsible for the biosynthesis of different penicillins. The ACS from Aspergillus nidulans can also be coupled to 6-aminopenicillanic acid acyltransferase to synthesize penicillins. These results strongly indicate that this enzyme can catalyze the activation (to their CoA thioesters) of some of the side-chain precursors required in these two fungi for the production of several penicillins. All these data are reported here for the first time.